Abstract. This paper proposes an image edge detection method based on multi-directional, multi-scale Top-hat operators, and applies the method to the edge detection of OSAHS (Obstructive Sleep Apnea Hypopnea Syndrome) early pathological images. Firstly, construct multi-directional, multi-scale Top-hat operators, and they are used to detect the edge of image. Then the ideal image edge is obtained by combining the edges of the image detected by each operator according to a certain weight, so that we can calculate the actual area of the oral cavity accurately, and then achieve electronic medical diagnosis. The simulation results show that the operator proposed in this paper can filter out the noise better, preserve image detail more completely, so that the edge information of the image is more accurate and complete. Compared with conventional edge operator, it is more effective for image edge detection.
Introduction
Edge detection plays a vital role in image processing. It directly affects the results and accuracy of the image subsequent processing. In recent years, mathematical morphology widely applied in image processing, covering the edge detection, texture analysis, image restoration and reconstruction and other fields. The basic idea of mathematical morphology is to use structural elements with certain shapes to detect an image. Structural elements are similar to the probe with orientation, size, color and other information. By moving to mark the locations which fit into the structural elements in the image; extract the structural characteristics of the image; achieve the purpose of analyzing and recognizing the image [1] [2] [3] .
Traditional edge detection operators can be targeted to detect the image edge, but have some limitations. In order to improve the problems of traditional edge operators, in this paper, we applied the multi-directional, multi-scale Top-hat operator based on mathematical morphology to detect the image edge. Compared with traditional edge operators, this method can filter out the noise better, so that the edge information of the image is more accurate and more complete.
Algorithm Principle and Implementation

The Basic Algorithm of Gray Morphology
Gray dilation and gray erosion [4] are two basic algorithms of gray morphology. Let 
is the structural element. If D is the set of real integer, belongs to, A and B are the pixel gray value functions corresponding coordinates, then gray dilation is defined as:
Correspondingly, gray erosion is defined as:
Among them, x and y are the domains of input image and structural element. Opening operation and closing operation are the different combinations of dilation and erosion.
Opening operation is firstly erosion and then dilation, denoted. Correspondingly, the closing operation is firstly dilation and then erosion, denoted. They are defined as:
Top-hat Operator
Top-hat operator divided into opening Top-hat operators and the closing Top-hat operator. They are defined as:
Top-hat operator has characteristics of high-pass filter. The high-frequency part is the edge of the image. Edge detection is to detect the high-frequency component of the image [5] . Therefore Top-hat operator has more advantages in the process of edge detection, It can effectively identify the target in various backgrounds; extract a reasonable and accurate edge [6] .
Select the Structure Elements
Line, rectangle, octagon, disk, etc are the basic structural elements in the mathematical morphology. According to the characteristics of the input image select structural elements in the image processing. The input image is OSAHS early pathologic images in this paper. The images obtained from clinical medicine have various shapes and contain noise. We select multi-directional, multi-scale structural elements for edge detection, in order to filter out noise better; extract edge information of different types more accurately. Use the large-scale operators to detect overall changes; small-scale operators to detect slight changes of the image edge [7, 8] . In this paper, we take the edge detection of oral images for example; apply disk and line structural elements in different directions and scales.
Structure elements in different scales can be obtained by using morphological dilation operation. Namely, large-scale structural elements can be obtained by using morphological dilation operation of small-scale structural elements. Assume that m B is a finite structure element, then multi-scale structural elements can be defined as:
Among them, m is the scale parameter, takes a positive integer. Suppose 1(a) is the minimum 3×3 disk structure element, then 1(b) and 1(c) are 5×5 and 7×7 disk structural elements, and so on, 1(c) is the disk structure element. As shown in Figure 1 . 1 1 1 0  0 1 1 1 1 1 0  1 1 1 1 1 1 1  0 1 1 1 1 1 0  0 1 1 1 1 1 Using simple symmetrical disk structural elements to detect image edge would reduce the sensitivity to different directions of the edge, which would result in the loss of the direction details of the image edge. In order to improve the sensitivity of the edge information in different directions; detect complete and accurate edge [9] , we construct the structural element in four directions in this paper. The structural element is shown in Figure 2 . 
Improve the Top-hat Operator
The traditional morphological Top-hat operators use the same structural elements to complete the opening and closing operations, they have no effects on the suppression of noise, and they will lead to the lack of edge information. It is the most important to select the structural elements reasonably in the edge detection processing. Small-scale structure elements can extract the edge details accurately; large-scale structure elements can filter out the noise effectively; multi-directional structure elements can improve the sensitivity of the edge information in different directions [10] . In order to fuse the advantages of the structural elements in different directions and scales, we proposed an integrated Top-hat operator based on structural elements in different directions and scales, detection by Canny operator. 3(f) is the result of edge detection by the Top-hat operator which proposed in this paper. As we can see from the figure, Roberts operator and Prewitt operator extracted the edge inaccurately; didn't detect the complete edge information; Log operator and Canny operator are sensitive to the noise, they extracted a lot of pseudo-edge information; The algorithm which proposed in this paper can detect the edge information more accurately than other operators, and have a good Edge closure. Figure 4 shows the results of edge detection by Roberts operator, Prewitt operator, Log operator, Canny operator and the Top-hat operator which proposed in this paper after adding salt and pepper noise to the original image. 4(a) is the original image, 4(b) is the result of edge detection by Roberts operator, 4(c) is the result of edge detection by Prewitt operator. 4(d) is the result of edge detection by Log operator. 4(e) is the result of edge detection by Canny operator. 4(f) is the result of edge detection by the Top-hat operator which proposed in this paper. As we can see from the figure, Roberts operator and Prewitt operator seemed that they were no use filtering out the noise, they detected the portion of the edge; Log operator could suppress the noise obviously, at the same time, it suppressed the original edge information, didn't detect the complete edge information. Canny operator could also suppress the noise obviously, at the same time, it smoothed out some of the edge information, leading to the edge of the image was not clear. The algorithm which proposed in this paper can filter out the noise better and detect the edge information more accurately than other operators, and have a good Edge closure. Table 1 presents the performance comparison of these algorithms. As we can see from the Table, use this paper's operator to detect the edge, the closure edge is better than the edges which detected by other operators. 
Experiment and Analysis
